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(57) ABSTRACT

The image processing apparatus includes a color extraction
unit, a region cutting-out unit, a determination unit, and a
sticky-note-image cutting-out unit. The color extraction unit
extracts pixels by using multiple thresholds, which are pre-
pared in advance for a color space, for a color used in sticky
notes, from image information including information about
the sticky notes. The region cutting-out unit cuts out a region
which s a group of the pixels extracted by the color extraction
unit, for each of the thresholds. The determination unit deter-
mines a threshold to be employed, from the thresholds on the
basis of the number of regions which are cut out by the region
cutting-out unit. The sticky-note-image cutting-out unit cuts
out a sticky note image from the image information by using
the threshold determined by the determination unit.

6 Claims, 5 Drawing Sheets

OBTAIN IMAGE INFORMATION
CONVERT COLOR SPACE

EXTRACT PIXELS BY USING FIRST

THRESHOLD, FOR EACH COLOR
PERFORM BINARIZATION o4
ON EXTRACTION RESULT

S5

~S8

CUT OUT RECTANGULAR REGIONS o TRAC
86

PIXELS BY

E: T
ING NEXT THRESHOLD,
H COLOR

FOR EACH
COUNT RECTANGULAR REGIONS

§7
PROCESS HAS
BEEN COMPLETED FOR ALL
OF THRESHOLDS?.

YES

EMPLOY THRESHOLD FOR WHICH
THE NUMBER QF RECTANGLES IS
LARGEST, FOR EACH COLCR

COMBINE RECTANGLES
OF EACH COLOR

CUT QUT STICKY-NOTE IMAGES




US 9,298,998 B2

Sheet 1 of 5

Mar. 29, 2016

U.S. Patent

€L

chl

bLb

0Lk

TN

NOILYWHOANI
JOVINI-3LON-AMOILS

NOILVINHOANI
QT10HSTHHL

NOILVINHOANI FOVII

901

G017

v0l—

€01

LINN LNO-ONILLND
JOVAI-3LON-AMOILS

1IN NOILYNINES13d
Q10HSTHHL

1INN LNO-ONILLND
F1ONVLO3d

1INN
3dN1dvO FOVAI

G~

LINN NOILVYZIM¥NIE

1INN
NOILVOINNWINOD

NYH90dd
ONISSFO0Hd FOVAI

" innzovoss

f:l\\

\

¢0l—

0L

00}

LINN NOILOVHLX3
407109

L~

LINN NOISH3ANOD
30VdS-d0700

LINA NOILYH3d0

oL~

LINN NOILISINDJY
NOILYIWHOANI-FOVII

LINN AV1dSIA

d3T1041INOD

oL~

I Old

A




U.S. Patent Mar. 29, 2016 Sheet 2 of 5 US 9,298,998 B2

FIG. 2

/%Na

g
2ad 2 )
iz




US 9,298,998 B2

Sheet 3 of 5

Mar. 29, 2016

U.S. Patent

dz SoImmmE%

L

3¢

QFoJoImmmIH%

o¢

- G6
- S0L

L g6z

Old

- 06
- 001

L g6z

Old

€ay0l

a0}
1ap0L
Qgﬁor\\ dz GTOHSTHHL MNId
de¢ ol
£ey0}
ley0)

vaor\\\

d} JTOHSIHHL MNId
d¢ 9l

€02 —
Shg —
A7 —
ehg —
HqZ
2dz

94z
—edz

¢qg

— Ldz

mrrr\\\




US 9,298,998 B2

Sheet 4 of 5

Mar. 29, 2016

U.S. Patent

mmwwwxzmpm__

e N
EST—1q¢)1
a——¢hgl )
et vzz—helL
el zz— gL
rhg )|

edg) | ]
Ldgl |

v Old

povo_\\\

dy 9lId

dap01 \

N

i ./ OF 'Ol

9€ ATOHSIHHL ‘NYAD

KL QTOHSIHHL MO TITA

Vv Old

dz ATOHSTYHL MNId



U.S. Patent Mar. 29, 2016

FIG.
(_START )

\

Sheet 5 of 5

US 9,298,998 B2

5

OBTAIN IMAGE INFORMATION

51

'

CONVERT COLOR SPACE

™52

!

EXTRACT PIXELS BY USING FIRST
THRESHOLD, FOR EACH COLOR

l<

PERFORM BINARIZATION
ON EXTRACTION RESULT

~—S4

Y ~

r—/SB

CUT OUT RECTANGULAR REGIONS

EXTRACT PIXELS BY

Y 86

USING NEXT THRESHOLD,
FOR EACH COLOR

COUNT RECTANGULAR REGIONS

PROCESS HAS
BEEN COMPLETED FOR ALL
OF THRESHOLDS?

NO

EMPLOY THRESHOLD FOR WHICH
THE NUMBER OF RECTANGLES IS
LARGEST, FOR EACH COLOR

~359

!

COMBINE RECTANGLES
OF EACH COLOR

~~—S510

!

CUT OUT STICKY-NOTE IMAGES

511

END



US 9,298,998 B2

1
IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND
COMPUTER-READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
USC 119 from Japanese Patent Application No. 2013-211808
filed Oct. 9, 2013.

BACKGROUND
Technical Field

The present invention relates to an image processing appa-
ratus, an image processing method, and a computer-readable
medium.

SUMMARY

According to an aspect of the present invention, an image
processing apparatus described below is provided.

The image processing apparatus includes a color extraction
unit, a region cutting-out unit, a determination unit, and a
sticky-note-image cutting-out unit. The color extraction unit
extracts pixels by using multiple thresholds for at least one
color used in multiple sticky notes, from image information
including information about the sticky notes. The thresholds
are prepared in advance for a color space. The region cutting-
out unit cuts out at least one region which is a group of the
pixels which are extracted by the color extraction unit, for
each of the thresholds. The determination unit determines a
threshold to be employed, from the thresholds on the basis of
the number of regions which are cut out by the region cutting-
out unit. The sticky-note-image cutting-out unit cuts out at
least one sticky note image from the image information by
using the threshold determined by the determination unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described in detail based on the following figures, wherein:

FIG. 1 is a schematic diagram illustrating an exemplary
configuration of an image processing apparatus according to
an exemplary embodiment;

FIG. 2 is a schematic diagram for describing basic opera-
tions of the image processing apparatus;

FIGS. 3A to 3E are schematic diagrams for describing a
threshold determination operation of the image processing
apparatus;

FIGS. 4A to 4E are schematic diagrams for describing a
sticky-note cutting-out operation of the image processing
apparatus; and

FIG. 5 is a flowchart of exemplary operations of the image
processing apparatus.

DETAILED DESCRIPTION
Exemplary Embodiment
Configuration of Image Processing Apparatus
FIG. 1 is a schematic diagram illustrating an exemplary

configuration of an image processing apparatus according to
an exemplary embodiment.
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2

An image processing apparatus 1 which is, for example, a
cellular phone or a tablet personal computer (PC) includes a
central processing unit (CPU) and controls units. The image
processing apparatus 1 also includes a controller 10 which
executes various programs, a storage unit 11 which includes
a storage medium such as a flash memory and which stores
information, a display unit 12 which displays characters,
images, and the like, an operation unit 13 for operating the
image processing apparatus 1, a communication unit 14
which communicates with the outside via a network, and an
image capture unit 15 which includes a lens and a charge
coupled device (CCD) and which generates image informa-
tion by capturing an image.

The controller 10 executes an image processing program
110 described below, thereby serving as an image-informa-
tion acquisition unit 100, a color-space conversionunit 101, a
color extraction unit 102, a binarization unit 103, a rectangle
cutting-out unit 104, a threshold determination unit 105, a
sticky-note-image cutting-out unit 106, and the like.

The image-information acquisition unit 100 obtains image
information 111 obtained by photographing a pasting surface
on which multiple sticky notes are attached, from the storage
unit 11. The image information 111 may be obtained by
capturing an image by using the image capture unit 15, or may
be obtained from the outside via the communication unit 14.

The color-space conversion unit 101 converts the color
space of the image information 111 which is, for example,
RGB (red, green, blue) into HSV (hue, saturation, value). The
color space is not limited to HSV. The color space may be
converted into any color space as long as it is one in which
color extraction described below is satisfactorily performed.
Alternatively, no conversion may be performed and the color
space may remain RGB.

The color extraction unit 102 extracts pixels which satisfy
a threshold, for each of predetermined colors (pink, yellow,
and cyan) from the image information 111 obtained through
color conversion. Multiple thresholds are set in advance in the
threshold information 112, and pixels are extracted for each
of the thresholds.

For each of the predetermined colors (pink, yellow, and
cyan), the binarization unit 103 sets “1” (white) to the pixels
extracted by the color extraction unit 102, and sets “0” (black)
to the other pixels, thereby performing binarization.

The rectangle cutting-out unit 104 is an exemplary region
cutting-out unit, and cuts out regions, each of which is a group
of pixels to which “1” (white) is set by the binarization unit
103, to obtain regions of rectangular shape which is an exem-
plary shape, for each of the predetermined colors (pink, yel-
low, and cyan). Each of the obtained regions is not limited to
a rectangular region, and it may be a region having a regular
polygon shape, a shape defined by a curve, or any closed
region. Alternatively, the shape of sticky notes 24, 25, 2¢, and
the like may be registered in advance, and a region having the
registered shape may be obtained through the cutting-out
operation.

The threshold determination unit 105 counts the rectangu-
lar regions which are cut out by the rectangle cutting-out unit
104, for each of the predetermined colors (pink, yellow, and
cyan), and sets the threshold for which the number of rectan-
gular regions is the largest, as a threshold to be employed.

The sticky-note-image cutting-out unit 106 cuts outimages
of the rectangular regions which are cut out with the
employed threshold, from the image information 111 as
sticky-note-image information 113 for each of the predeter-
mined colors (pink, yellow, and cyan).

The storage unit 11 stores the image processing program
110 which causes the controller 10 to function as the units 101
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to 106 described above, the image information 111, the
threshold information 112, the sticky-note-image informa-
tion 113, and the like.

When the image information 111 is to be obtained from the
outside via the communication unit 14, the image processing
apparatus 1 does not necessarily include the image capture
unit 15. The image processing apparatus 1 may be a server
which does not include the display unit 12 and the operation
unit 13, and which operates by receiving a request from an
external terminal via the communication unit 14.

Operations of Image Processing Apparatus

The operations according to the exemplary embodiment
will be described by classifying them into (1) basic opera-
tions, (2) a threshold determination operation, and (3) a
sticky-note cutting-out operation.

(1) Basic Operations

FIG. 2 is a schematic diagram for describing the basic
operations of the image processing apparatus 1.

As illustrated in FIG. 2, a user 4 first performs writing or
the like on the sticky notes 2a, 26, 2¢, and the like, for
example, for brainstorming, and attaches the sticky notes 2aq,
25, 2¢, and the like on the writing surface of a whiteboard 3
which is used as the pasting surface. Various shapes may be
employed as the shape of the sticky notes 2q, 25, 2¢, and the
like. In the description, it is assumed that the sticky notes 2aq,
2b, 2¢, and the like have a rectangular shape. The sticky notes
2a, 2b, 2¢, and the like may have different sizes.

Then, after the brainstorming, the user 4 photographs the
writing surface of the whiteboard 3 on which the sticky notes
2a, 2b, 2¢, and the like are attached, by using the image
capture unit 15 of the image processing apparatus 1.

When the image capture unit 15 captures an image, the
image processing apparatus 1 stores the captured image as the
image information 111 in the storage unit 11.

For future use of information on the sticky notes 2a, 25, 2c,
and the like attached on the whiteboard 3, the user 4 requests
the image processing apparatus 1 to convert the information
on the sticky notes 2a, 25, 2¢, and the like to electronic
formats. That is, the user 4 requests that each of the images of
the sticky notes 24, 25, 2¢, and the like captured as the image
information 111 be cut out so as to be used as the sticky-note-
image information 113.

The operations performed by the image processing appa-
ratus 1 when the above-described request is submitted will be
described below.

(2) Threshold Determination Operation

FIG. 5 is a flowchart of exemplary operations of the image
processing apparatus 1. FIGS. 3A to 3E are schematic dia-
grams for describing the threshold determination operation of
the image processing apparatus 1.

As illustrated in FIG. 3 A, the image-information acquisi-
tion unit 100 obtains image information 111a as exemplary
image information 111 from the storage unit 11 (in step S1).
The image information 111a is obtained by photographing
sticky notes 2p,, 2p,, and 2p; of pink, sticky notes 2y,, 2y,
2y, 2y.4, 2y, and 2y, of yellow, and sticky notes 26, 2b,, and
2b, of cyan.

Then, when the color space of the image information 111a
is RGB, the color-space conversion unit 101 converts it to
HSV (in step S2).

The color extraction unit 102 extracts pixels which satisfy
a threshold, for each of the predetermined colors (pink, yel-
low, and cyan) from the image information 111 obtained
through the color conversion. Among the thresholds which
are set in advance in the threshold information 112, a first
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threshold 1 p is used to extract pixels (in step S3). For the sake
of'simplicity, a case in which extraction for pink is performed
will be described.

As illustrated in FIG. 3C, the threshold 1p ranges from 90
to 100. In the case where the color space is an HSV space and
where the minimum value of the parameters of H (hue), S
(saturation), and V (value) is zero and the maximum value is
255, the threshold 1p has values of H, S, and V, each of which
has the range. In the example in FIG. 3C, for the sake of
simplicity, only the H parameter threshold is illustrated.

As illustrated in FIG. 3B, the binarization unit 103 sets <1~
(white) to the pixels extracted by the color extraction unit 102
as those satisfying the threshold 1p for pink, and sets “0”
(black) to the other pixels, thereby performing binarization
(in step S4).

As illustrated in FIG. 3B, the rectangle cutting-out unit 104
cuts out regions of the pixels which are set to “1” (white) by
the binarization unit 103 for pink, for example, as rectangular
regions 104a, and 104a, (rectangle 104a,) (in step S5).

The threshold determination unit 105 counts the rectangu-
lar regions which are cut out by the rectangle cutting-out unit
104 by using the threshold 1p for pink and obtains “2” (in step
S6).

The color extraction unit 102 extracts pixels from the
image information 111 by using a threshold 2p for pink (in
step S8). As illustrated in FIG. 3E, the threshold 2p ranges
from 95 to 105.

As illustrated in FIG. 3D, the binarization unit 103 sets <“1”
(white) to the pixels extracted by the color extraction unit 102
as those satisfying the threshold 2p for pink, and sets “0”
(black) to the other pixels, thereby performing binarization
(in step S4).

As illustrated in FIG. 3D, the rectangle cutting-out unit 104
cuts out regions of the pixels which are set to “1” (white) by
the binarization unit 103 for pink, for example, as rectangular
regions 1044, to 104, (rectangle 1045,) (in step S5).

The threshold determination unit 105 counts the rectangu-
lar regions which are cut out by the rectangle cutting-out unit
104 by using the threshold 2p for pink and obtains “3” (in step
S6).

Steps S3 to S8 described above are repeatedly performed
for each of two or more thresholds, and the threshold deter-
mination unit 105 employs the threshold for which the num-
ber of rectangles is the largest (in step S9). It is assumed that
the threshold 2p for which the number of rectangles is “3”
which is the largest is employed for pink.

The determination of employment of a threshold as
described above is made for each of the colors (yellow and
cyan) other than pink. Under the assumption that a threshold
ly is employed for yellow and that a threshold 3b is employed
for cyan, the sticky-note cutting-out operation will be
described below.

(3) Sticky-Note Cutting-Out Operation

FIGS. 4A to 4E are schematic diagrams for describing the
sticky-note cutting-out operation of the image processing
apparatus 1.

As illustrated in FIG. 4D, the rectangle cutting-out unit 104
combines a rectangle 1045, a rectangle 104a,, and a rect-
angle 104¢, which are cut out for the colors (pink, yellow, and
cyan), respectively, and which are illustrated in FIGS. 4A to
4C to obtain a rectangle 104a,,, , (in step S10).

The sticky-note-image cutting-out unit 106 cuts outimages
of the rectangular regions in the combined rectangle
104a,,,,, from the image information 111a as pieces of

sticky-note-image information 113p, to 113p; for pink,
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pieces of sticky-note-image information 113y, to 113y for
yellow, and pieces of sticky-note-image information 1135, to
1134, for cyan (in step S11).

Other Embodiments

The present invention is not limited to the exemplary
embodiment described above. Various changes may be made
without departing from the gist of the present invention. For
example, for each of the pieces of sticky-note-image infor-
mation 113p, to 113p, for pink, the pieces of sticky-note-
image information 113y, to 113y, for yellow, and the pieces
of sticky-note-image information 1135, to 1135, for cyan,
relative position information and inclination information of
the corresponding sticky note with respect to the writing
surface of the whiteboard 3, the shooting date and time of the
original image, and the like may be recorded as associated
information.

In the above-described exemplary embodiment, the func-
tions of the units 100 to 106 of the controller 10 are achieved
through programs. Some or all of the units may be achieved
through hardware such as an application-specific integrated
circuit (ASIC). In addition, the programs used in the exem-
plary embodiment may be provided by storing them in a
recording medium such as a compact disc-read-only memory
(CD-ROM). Replacement, deletion, addition, and the like of
the steps described in the exemplary embodiment may be
made as long as the gist of the present invention is not
changed.

The foregoing description of the exemplary embodiments
of'the present invention has been provided for the purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described in order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled in the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It is intended that the
scope of the invention be defined by the following claims and
their equivalents.

What is claimed is:

1. An image processing apparatus comprising:

a color extraction unit that extracts pixels by using a plu-
rality of thresholds for at least one color used in a plu-
rality of sticky notes, from image information including
information about the plurality of sticky notes, the plu-
rality of thresholds being prepared in advance for a color
space;

a region cutting-out unit that cuts out at least one region
which is a group of the pixels which are extracted by the
color extraction unit, for each of the plurality of thresh-
olds;
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a determination unit that determines a threshold to be
employed, from the plurality of thresholds on the basis
of the number of regions which are cut out by the region
cutting-out unit; and

a sticky-note-image cutting-out unit that cuts out at least
one sticky note image from the image information by
using the threshold determined by the determination
unit.

2. The image processing apparatus according to claim 1,

wherein the determination unit sets a threshold for which
the number of regions which are cut out by the region
cutting-out unit is the largest, as the threshold to be
employed.

3. The image processing apparatus according to claim 1,

wherein the region cutting-out unit cuts out the at least one
region having a shape predetermined for the at least one
region.

4. The image processing apparatus according to claim 2,

wherein the region cutting-out unit cuts out the at least one
region having a shape predetermined for the at least one
region.
5. A non-transitory computer readable medium storing a
program causing a computer to execute a process for image
processing, the process comprising:
extracting pixels by using a plurality of thresholds for at
least one color used in a plurality of sticky notes, from
image information including information about the plu-
rality of sticky notes, the plurality of thresholds being
prepared in advance for a color space;
cutting out at least one region which is a group of the
extracted pixels, for each of the plurality of thresholds;

determining a threshold to be employed, from the plurality
of thresholds on the basis of the number of regions which
are cut out; and

cutting out at least one sticky note image from the image

information by using the determined threshold.
6. An image processing method comprising:
extracting pixels by using a plurality of thresholds for at
least one color used in a plurality of sticky notes, from
image information including information about the plu-
rality of sticky notes, the plurality of thresholds being
prepared in advance for a color space;
cutting out at least one region which is a group of the
extracted pixels, for each of the plurality of thresholds;

determining a threshold to be employed, from the plurality
of thresholds on the basis of the number of regions which
are cut out; and

cutting out at least one sticky note image from the image

information by using the determined threshold.
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